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‘1’IIV  NC:IT lI:aItlI  Askroicl l{cridmvous (N II;AI{) IIIiSSiCIII  s] IacccIafI w i l l  arrive at Astcmid 4:\3 (lI;IOS)
ill l“(IIJ’U:IJ’.V, 1999. I“ol]owit]g  all i]lilial I)criod  of cll?ilzict(riz:itic)]l,  t  lIr scic]lcc  ])1 Iasc c~f tlIc ]I)issio]l

Lvill  c(Jll  Illlcll  Cc ,  atId uII])JTfcdcIItcd  i]lforlllalioll co]lccrtli]lg  al I aslcroid’s SlIa])Ci  lllas~,  dcllsity, ~(jl[l-
])(mitit)]l alI(l rc)tatio]lal dy]lalllics  w i l l  I)c scIIt  to lIJmtl  I for a n a l y s i s ,  It w i l l  also lIIark  tile st?irt of

[)]l)iii)l  c)])cratio)ls  al)oul tlIc ]IIosl COIIIIIl CX aIId irrep; l]lar  gravity’  field cvcl cIIcou IItcIcd  ill ttlc llisk)ry
of s]):Ic(  [xl~loratio]l. ‘1’IIc scvcrily  d’ II}JWS’ distortio]i fIOIII  IIIC IIsual sl)llccoid  I)odics  cIIcoul  Itcrcd ill
})latlctary cxl)lo]atlio]l  leads  to flltldalllc])tal  di(lcrcllces ill tllc orl Iil?il dyIialllics  a))ol]t it. O})cratiolls
al)OIIt IIJIOS w i l l  a l s o  s e r v e  a s  aII cxcitillg lest of orl)il (lclt~rlltittalic)tl  alId  ])rcdictio]l ill .311  orl)ital
c]lviro]l]llcllt w,llicll cal I l~c cliaolic ill SOIIIC itistatlccs.

‘1’IIc CIIIIrIIl analysis assuittcs a slIa]~c, Il]lifortll  dcllsity alId  rotatio]la] dy]la]l)ics for l;ros. 111 ol)-
cr:[tic)]lsl  tllc gJ’il  Vily fid(l w i l l  l)c (Ictcrlilillc(l  fro]!! l)o])]Ilcr  lcacl{illg  as cmflicicllts of a s],llcrical
IIar]l]ollic  Cxj,allsioll  alId  tlIc mtfitio])al  dy]laillics  w i l l  I)(J dctcrllli]lcd  fro]II o])tical ~)ictuws.  1:01 l)rc-
CIIC(IUIIICI.  a]lalysis  tlIc slIa])c  IIIay  citllcr l)r s])ccificd  as a co]lstallt dcllsily (ri-axial Cllil)sc]id (tltis
Sllil])(  co]ltaills  tlIc ]IIajor  Ilo]l-sl)llcrical  ])tl(orl)?l(iolls”  o f  1’;10s) of dilllclisiorts  4 0  X  14 X 14 Iilll (11:1 SC(I
011  p; IOIIIId c~l)s(rk’atic)lls), ol as :1 ~[~ll$t~lllt dctlsity ]jolyl  Icd IoII co]ttaitlitlg  4202  Y’crtcx ]Ioilltjs (I)ascd
c~ll i i  SII]JI1(IS(’(1 l{}IOS SII:I]IC).  II;i(llcr  ~l)])J’O~Cll  Itlti’j’  (1S(’ cxistitlf,  cl(w(l-forlll solutio]ls  for tllr gravity
f i e l d  or IIIay IISC a  IIartllo]lic cxj]ti]lsio]t  ddcrl]]i)j(d  I,y i]llcgratill~, o v e r  tllc slIa]Ir. ‘1’IIc  cc,l]stallt
(1(.]lsity of l~ros is assu IIId 10 Iw ~1.b g/ CIII:*, alll IC~II~lI this i s  ullccrtai]l 10 n large cxtcllt. I;KF+ 11:1$+
:111  (Jl)s(’rVc(l J’otiltioll” lwriocl Of 5.27 110111S, nltllou~ll it is IIOt klIm’11 i f  lllis is a ulliforttl lothtioll
CIr i f  1}1(1(  i s  sip;l)ificallt  })rcccssio]l  alI(l  ]Illtatio]). ‘1’llis  ;illalytiis  aSSIIIIICS  a  ullifc,r]ll  mta(iol) al,ollt
tllc l:i]gcst II IOIIICIIt (If ill~~ti~ll altll OUgll tllr a]lalysis Cilll lIc cxtclIdcd t o  tlIc ctisv wlIcrc  lttcrc  i s

})rcccssio]l  aII(l  ]Illtati(,ll  of lkos.

(;ivr]l tlIc aSSLIIIICd Ilr(,s  rotatio]lal  aIId  p,ravi{atiojlal II I(Idcl, tltc cqllatio]w of ]Ilotic)ll of all orl)itillg
sl)acccraft, IIIay I)c dcfill(’d.  I( is IIscf[il to s t a t e  tltcl]]  ill l)r~tlI a] I illcrtial aIId a IJody-{ixcd  fra]llc ( a
ullifb]]llly Iol:ititlg fralllc), as caclt  for]])l]latir)]l  lIas its OWII  Ilrtlcfits. III  tllc  illcrtial for]tltllatic)ll it is
})ossil)lc to derive a lltcory of secular rlIa  IIgc ill orl)ital clcIIIcIIts, (Iscflll ill ])la]ltlillg aIId cvaluatillg,
]Ilissiol[  fewil)iliiy a})out, sucl  I aII fiskroi(l. III tlIc l)ody-fIxcd  fra]l)c i t  is  })ossil)lc  to drfillr zi Jacol)i
illtcgr;l], gollcr:]tC  zcrmvclocitly  s u r f a c e s  and col]ll)utc ])criodic orllits all of wllicll  s l i d  itlsigllt  OII
(Jrl)il  slal)ilit,y al IoIIl lI; IOS1 and 011 tlIc  ]Ic)ssil)lc cvollltioli of CjCCt:l fmlll I’k)s’  s[lrf~~~ (Hll(l 11~11~~
])(,ssil)lc  dislril)utio][s of coorl)ital s).

SyIIcl Ir(jIIoIIs orl)ils (c i rcular  orl]ils it) i]lcrt  ial sjJacc)  aIId I)rriodic orl)its \vllicll  Ic]Ic;Il  ill tllc mtatillg
I,ody-fix(d fl’illll(’ ar(’  col II],ukd. ‘1’lIcsc coltlljutatioJls iil’(’ })ossil,lc  for  alI  arl]itrary gravitatiolla]  field,
aIId (lo ]I(lt aSSIIIIIC  aIIy sl)ccial s.y)]]]]]ctry. ‘1’]Ic stl]dy of tllc stlal)ility  of tllcsc  SlZitj[1J121J’~  alI(l ])criodic
(~rl)its slIds l i g h t  OII tl]r gcIJcral  stal)ility of orl)ital IIlotio]l  al)out 1’:10s. It i s  folllld that all follr
SyIICl IrC)JIOIIS orl)ils arc ullstal)]c  (ill o]]])ositio]i  to tile I]sllal  ])lal  Icta  J’y  case W’llcrc tllcrc arc two stal~lc
i]]l(l two u]lstal)lc  SyIICl II OIIOIIS orl)it  s). Addi t iona l ly)  (Iircct  oJl)its with ill w 42 ri~dii arc ~[rlstal)le  aIId

tcIId  to cIaslI  oJlto  or cwal~c  fco]ll I’:IOS witllill class. (k)l)vcrscly, allllost all re t rograde,  cquat(trial
]~criodic  orl)its arc stal~lc, cvc\II WI ICI I with ill lIu IId Icds  of IIlrtrrs fm][l  I,;ms’ surface. ‘J’l)is IIigllligllts
tlIc  sial)ilit,y of rctcogradc orl)its ill gcIIcIal.  SOIIIC  II(,tal)lc  cxccjltio]ts to tlIc al)ovc  olmrvalic)]ls arc

also not cd.
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l“lr I: Illy, g(I]Icral  (Irljital dyt Ia]Iilcs al)out l’lr(x arc (l Iscusscd,  S(I]II(S  slt II]Ilc  for]lll]lac arc g,iv(]l for lIIC

S(YIIla I IIlc)tio]l o f  t,[Ic  II 0(1 C aIId aIg UIIICIIt,  of ])crja])sis, (k)]l(litio]ls  for a s a t e l l i t e  orl~it (o (wa])c frol II

I1;I(lS ill~ d i s c u s s ( d ,  a]l(l  Solllc sit]l])lc  Ics(llts d e r i v e d .  l’ilIally,  tllc  cltao(ic lIat,l]re  of ccrt,aitl  or])its
al)c)l]t, I,; IXIS arc disc  u.s,s cd,  alId  t,l  Ir co]  Iscquc]Icrs for Oll)it ])rcdicli(,]l  ill’(’  itlvcstig,atd.


